Recent advances in DNA sequencing technologies have already resulted in the successful completion of many viral and bacterial genomes together with several eukaryotic genomes. We developed the Viral Genome DataBase (VGDB) to help characterize the gene and protein sequences from large viruses such as poxviruses and related viruses that have genomes of between 150 and 350 kb. Although some of the questions we wished to ask of the data are quite straightforward, no simple tools were available to us and working with several hundred proteins made manual analysis impractical. To address these problems we developed VGDB which permits storage and retrieval of a variety of data items resulting from analysis of large virus genomes. The mySQL database is accessed by a JAVA client via the Internet through a JAVA server residing on the same UNIX machine as the database. The client works on Silicon Graphics machines and PCs (Windows95 and Windows98). If multiple databases are used, then each uses a dedicated JAVA server program and script to connect the client to the appropriate port of the UNIX machine. To run mySQL and the JAVA servers 12 mb RAM is needed; 20 mb RAM is required * To whom correspondence should be addressed.
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for the JAVA client. Perl scripts parse GenBank files and perform a number of analyses on the DNA and protein sequences to produce a data row containing organism name, gene name, protein sequence, DNA sequence, protein molecular weight, number of amino acids in protein, percentage of each of the 20 amino acids, GenBank ID, GenBank comments, predicted isoelectric point (http://www.id.wustl.edu/ ∼ lindberg/docs/programs/pi), A+T%, percent of each of the four nucleotides, percentage of each of the 16 dinucleotides, and percentage of each of the 64 trinucleotides (codons). Each entry has a 'user-notes' text entry that can be edited by the VGDB maintainer or trusted users.
It was conceived that most researchers would access our VGDB database via the Internet, but it is possible to install the software locally and create custom databases using our Perl scripts, JAVA clients, JAVA servers and mySQL. Requests for placing particular viruses in our database will also be welcomed. The JAVA client allows the users to make a variety of simple and complex queries to the data. Each of the data fields described above can be queried and, importantly, the results sorted by any of the data items. In addition, the DNA and protein fields may be queried using regular expressions, so it simple to use PROSITE-like motifs. Examples of queries are shown in Table 1 . Searching and retrieving items from the database is not CPU intensive, an SGI Octane with a single 250 mhz R10000 processor completed each of the queries in Table 1 and displayed the individual result tables in less than 5 s with a database of 15 virus genomes containing 2847 genes.
A screenshot of the Results Window of a query that produced two hits in VGDB (find Vaccinia virus proteins with 20 000 Da < MW < 30 000 Da and with 5.5 < pI < 6.5 and with A + I + L + V content > 33%) is shown in Figure 1 . The Query Window has a button (Count Entries) that displays the number of hits in the database without retrieving them, so that users can avoid accidentally downloading thousands of hits to the JAVA client. The Results Window displays a minimal default number of data fields for each hit, set by the user, to reduce response time. From this window the user may request any or all of the datafields (columns) for the hits. After choosing the columns to view, the user may also export the complete Results Window or selected rows in HTML or tab delimited format. Currently, we export data to Microsoft Excel or Cricket Graph for plotting the results graphically. One of the key features of the VGDB results table is that the genes/proteins that have been returned in the table may be repeatedly sorted (ascending or descending order) by any of the column parameters simply by clicking on the column header. By selecting any or all of the genes returned in the results table, the user can produce formatted reports containing the complete data set for those genes. The generation of complete reports for each viral CDS is also a simple way to access and organize large amounts of data. We have used these reports together with a WWW-based 'virtual 2D gel' of the vaccinia virus proteins to provide an alternative visual display of the data in the database (http://athena.bioc.uvic.ca/genomes/index. html).
We have begun to use VGDB to examine a variety of problems; examples include:
(1) Do all genes in a poxvirus genome have similar A+T%?
(2) Is it possible to detect incorrectly predicted genes by an unusual amino acid composition or an extreme isoelectric point?
The first of these questions is straightforward to answer; in vaccinia virus strain Copenhagen, the average A+T% genome is 66.6%, but the A+T% for individual genes ranges from 50.98 to 74.65%. However, VGDB was instrumental in demonstrating that both pI and amino acid composition can be used to help predict poxvirus coding regions correctly (Upton, 2000) . We believe that VGDB will be a useful tool for researchers working on a variety of virological problems and will save significant amounts of time in the analysis of virus genomes. Currently, VGDB cannot handle complete bacterial genomes, but we are investigating the possibility of enhancing the program to do this.
